INTRODUCTION
============

Preoperative templating is regarded important in orthopaedic surgery. On the basis of a review of the template and radiographs, we can decide the size and position of the implant used for our patients. Previously many authors have emphasized the importance of preoperative templating in total hip arthroplasty (THA)[@B1][@B2][@B3][@B4]. Benefits of preoperative templating include estimation of appropriate acetabular and femoral component sizing, appropriate restoration of preoperative offset, correction of leg length discrepancy (LLD), and anticipation of special componentry or techniques[@B5]. Moreover, the survival of an implant is critically dependent on understanding the biomechanical balance and ensuring the accurate alignment of the implant[@B6].

In former times, preoperative planning had been performed with hard copy radiographs and acetate onlay templates. Now most orthopaedic hospitals are using the picture archiving and communications systems (PACS) instead of conventional radiographs. This has resulted in traditional hard copy radiographs being unavailable for use with the standard acetate templates, and increased use of digital templating method.

Some studies have compared the accuracy of acetate templating and digital templating[@B1][@B2][@B7][@B8][@B9]. In most of these studies, digital templating was no more accurate than acetate templating, so we performed preoperative on-screen templating using digital radiographs in order to make the best use of the advantages of acetate templating in a digital environment. In this study, we investigated the accuracy, intra- and interobserver reliabilities of preoperative on-screen templating using digital radiographs for THA. This study is based on the methodology of our previously reported study at early stage, and we intended to verify the usefulness of the on-screen templating method more reliably by making up for the weak points of the existing paper after considerable accumulation of clinical experience[@B10].

MATERIALS AND METHODS
=====================

Between April 2009 and December 2012, 413 consecutive patients with hip disease who were treated with primary cementless THA at a single institution were retrospectively evaluated. This study was approved by the Clinical Research Ethics Committee of Pusan National University Yangsan Hospital (IRB number 05-2013-047). All the THA operations were performed by one experienced arthroplasty surgeon using a posterolateral approach. We used a Trilogy acetabular cup (Zimmer, Warsaw, IN, USA) and a VerSys Fiber Metal Taper femoral stem (Zimmer) in all patients. Among these, we excluded patients who had undergone THA surgery on the contralateral hip joint, patients from whom adequate radiographs for templating could not be obtained because of improper positioning due to pain like patients with femoral neck fracture or severe deformity, and patients who had been treated with ceramic liners. In total, 200 patients (109 males and 91 females) were enrolled in our study. A mean age of patients was 56.9 years (range, 28 to 81 years; standard deviation \[SD\], 12.5 years). The preoperative diagnosis was osteonecrosis of the femoral head in 55.5%, degenerative osteoarthritis in 37.5%, and other diagnosis in 7.0%. Degenerative osteoarthritis patients progressed from osteonecrosis of the femoral head were classified to osteonecrosis group.

We produced the preoperative anteroposterior (AP) radiographs of both hips with the femurs rotated 15° to 20° internally. For calibration, a radiopaque bar 10 cm in length was attached to the inner aspect of the thigh, as near as possible to the pelvis. Lateral radiographs were then taken with the radiopaque bar attached to the anterior aspect of the thigh.

The AP and lateral radiographs of the hip were templated preoperatively using a single set of acetate templates for cementless THA on the 27-inch monitor. We conducted preoperative on-screen templating ([Fig. 1](#F1){ref-type="fig"}) using a 6-step process. Step 1 was magnification of the radiographs by 120%. The size of the image was enlarged using the zoom function of PACS until the size of the radiopaque bar measured its true size of 10 cm, using the magnified ruled line scale on the templates ([Fig. 2](#F2){ref-type="fig"}). Step 2 was measurement of the LLD. On the screen, a line was drawn across the most inferior aspect of both teardrops to meet both femurs. By measuring the distance from this line to the uppermost point of the lesser trochanters of the femur, we determined that difference as a degree of LLD. Step 3 was determination of the acetabular cup size and position on an AP radiograph of the hips. On the screen, we placed the transparent template sheet on the preoperative AP radiograph of both hips at 40° to 45° inclination, just laterally to the teardrop and just above the level of the obturator foramen. Step 4 was determination of the femoral component size and length on the lateral radiograph. We positioned femoral stem template over the normal proximal femur on lateral radiograph as proximally coated implant could be fixed compactly in the proximal femoral metaphysis. Step 5 was determination of the femoral component size and length on the AP radiograph using the same method as step 4. Finally, step 6 was determination of the femoral neck resection level and offset reconstruction ([Fig. 3](#F3){ref-type="fig"}). Using the selected femoral stem size, the overlay template on the normal hip was used to determine the neck resection level that best permitted reproduction of the normal neck-shaft angle and offset for the patient. By moving the neck resection level in a proximal and distal direction, and with the offset possibilities of the hip system being evaluated, the offset could usually be duplicated closely. Once that was accomplished, the level of neck resection was marked on the femoral neck and was measured from the uppermost point of the lesser trochanter, and horizontal offset was measured as a perpendicular distance from the femoral axis to the center of rotation. That planned resection level was then transposed to the pathologic hip at the same femoral neck resection measured from the uppermost point of the lesser trochanter and the center of the prosthetic head was marked.

In order to assess the accuracy of preoperative on-screen templating, we compared the estimated sizes by on-screen templating with the actual sizes used operatively. We also compared the LLD and the femoral offset measured by preoperative radiographs with the LLD and the offset on postoperative radiographs. A positive LLD value was obtained when the operated limb was longer than the contralateral side while a negative value indicated the opposite. A 1-mm precision scale was used. The femoral offset ratio was calculated by dividing the offset of the operated side by the contralateral femoral offset. The femoral offset difference was defined as the value of subtracting the offset of contralateral side from that of the operated side.

One fellowship-trained orthopedic surgeon (a senior rater) performed 200 cases of on-screen templating twice, with a two-week interval, to measure the intraobserver reproducibility, and one orthopedic resident (a junior rater) assessed the same 200 radiographs. The raters who were not involved in the actual surgeries performed were blinded to the actual implants and each other\'s measurements. The interobserver reliability was evaluated by comparing the two surgeons\' measurements.

We used a MedCalc software package (MedCalc, Mariakerke, Belgium) for statistical analysis. The interobserver reliability and intraobserver reproducibility of the prosthesis size (categorical data) were evaluated by weighted kappa. And the interobserver reliability and intraobserver reproducibility of the LLD and the femoral offset (continuous data) were evaluated by the intraclass correlation coefficient (ICC). The values were interpreted according to Landis and Koch\'s criteria: 0.00-0.20, slight agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate agreement; 0.61-0.80, substantial agreement; and 0.81-1.00, excellent agreement[@B11].

RESULTS
=======

1. Predictability of the Prosthesis Size
----------------------------------------

The results of the prosthesis size predictability are shown in [Table 1](#T1){ref-type="table"}. The exact acetabular cup size was predicted in 65.0% of cases, and a total of 96.6% of cup sizes were predicted within ±one size. For the femoral component, the exact size was predicted in 69.1% of cases, and 97.8% of stem sizes were predicted to within ±one size. The accuracy of on-screen templating by a senior rater (exactly predicted size of cup and stem, 64.0% and 69.0% of cases; within ±one size, 97.0% and 97.0%) was not always higher than that by a junior rater (exactly predicted size of cup and stem, 65.0% and 70% of cases; within ±one size, 94.5% and 97.5%) in the comparison of their first measurement results.

2. Measurements of LLD and Femoral Offset Difference
----------------------------------------------------

The results of LLD and femoral offset measurements are shown in [Table 1](#T1){ref-type="table"}. Preoperative LLD was exactly corrected in 64.0% of cases, and 100% of cases were corrected within ±5 mm. The femoral offset difference was exactly corrected in 53.3% of cases, and 100% were corrected within ±5 mm. The average preoperative LLD was --4.1 mm (range, --20.0 to 0.0 mm; SD, 4.5 mm), and after the operation 1.0 mm (range, --5.0 to 5.0 mm; SD, 1.8 mm). The average ratio of preoperative femoral offset was 94.2% (range, 72.0% to 122.7%; SD, 10.3%), and after the operation 100.8% (range, 88.9% to 115.6%; SD, 5.3%).

3. Reliability of the Predicted Implant Size
--------------------------------------------

The results are shown in [Table 2](#T2){ref-type="table"}. The intraobserver reproducibility for the cup size and the stem size using weighted kappa statistics was 0.78 (95% confidence interval \[CI\], 0.74-0.83) and 0.73 (95% CI, 0.68-0.79), respectively. The interobserver reliability was also analyzed using weighted kappa statistics. The kappa was 0.70 (95% CI, 0.65-0.76) for the acetabular cup and 0.72 (95% CI, 0.66-0.78) for the femoral stem. The senior rater achieved substantial agreement for intraobserver reliability, indicating good reproducible results. Kappa values for interobserver variability between two of the observers were also substantial, indicating large agreement between these two observers.

4. Reliability of LLD and Femoral Offset Difference
---------------------------------------------------

The results are shown in [Table 2](#T2){ref-type="table"}. The intra- and interobserver reliability for LLD and femoral offset difference using the ICC ranged from 0.89 (95% CI, 0.86-0.91) to 0.97 (95% CI, 0.96-0.98). All the results showed good reproducibility with high ICC values (ICC \>0.70), indicating good intra- and interobserver reliability.

DISCUSSION
==========

Preoperative templating is an essential process in order to implement THA successfully. Although PACS has been used in many hospitals, preoperative templating using digital radiographs is not universal. Accordingly, we used an easy and effective on-screen templating technique for an exact preoperative templating technique in a digital environment. We aimed to investigate the accuracy and reliability of this technique in our study.

Digital radiographs have numerous advantages compared with hard-copy radiographs, including reduced radiation exposure and reduced numbers of unsatisfactory films. There are potential cost savings associated with the conversion to digital radiography. Also, the image quality of the digital radiograph is superior to that of the hard-copy radiograph. For these reasons the standardized printed films required for templating are currently being replaced by digital images that can be displayed on a PACS monitor.

After the introduction of the digital templating algorithm by Bono[@B12], digital templating has been performed by numerous arthroplasty surgeons. But many studies comparing the accuracy of acetate templating with digital templating reported that acetate templating was more accurate than digital templating[@B1][@B2][@B8][@B9]. And digital templating requires special software provided by the companies. As these digital templates are not commonly available, many centres have stopped templating prior to surgery. This highlights the fact that there is a need to find a more suitable option for templating; one that combines the use of digital radiographs and templating with universally available acetate templates[@B13].

Preoperative on-screen templating methods have been described in several earlier papers[@B13][@B14][@B15][@B16][@B17]. Petretta et al.[@B17] compared acetate templating of digitally calibrated images on an liquid crystal display (LCD) monitor to digital templating in their 52 THAs, and concluded that acetate onlay templating on digitally calibrated images can be a reliable substitute for digital templating. Krishnamoorthy et al.[@B13] also studied the accuracy and reliability of templating the acetabular cup size using conventional acetate templates on digital radiographs, and they reported 90% prediction rate for the acetabular cup size within ±1 size. In our study, we applied on-screen templating to 200 cases to investigate the availability of this method, the results showed that on-screen templating is substantial with regard to accuracy and reliability. Moreover, we proposed the use of a 27-inch monitor for its convenience. Using a 19-inch monitor screen caused visual discomfort during on-screen templating as the field of vision was too narrow. When an AP radiograph of both hips is magnified by 20%, the size of the image is too large to display in its entirety on a 19-inch monitor screen, which is most often used. For this reason, many movements of the computer mouse are needed so that other portions of the AP radiograph are visible during on-screen templating. These factors made on-screen templating cumbersome. A 20% magnified AP radiograph of both hips can show both sides of the hip joint on a 27-inch monitor screen, so a monitor screen of this size has made the on-screen templating procedure simple and easy compared with using a 19-inch monitor screen.

For accurate magnification, we used the 10-cm magnification bar provided by prosthetic manufacturer. Whiddon and Bono[@B18] reported that the use of radiographic size markers is encouraged to mitigate potential errors, and this marker provides an easy calculation of magnification because the actual measurement will correspond with the percentage of magnification. Whereas one recent study suggested that the use of magnification marker while taking preoperative radiographs of the hip may be unnecessary, as simply setting the software to assume a 20% magnification actually was more accurate[@B5].

Our results showed that prediction rates using on-screen templating was 96.6% for cup size within ±one size and 97.8% for stem size within ±one size. Also, we had good results in correction of LLDs and offset differences by using on-screen templating. All cases showed within 5 mm in LLDs and offset differences postoperatively. These results are substantial when comparing with the results of various studies of acetate and digital templating[@B1][@B2][@B3][@B4][@B7][@B8][@B9][@B19][@B20][@B21][@B22][@B23][@B24][@B25]. Although digital templating was less accurate than acetate templating in many studies, some studies reported no differences between the two templating methods, and concluded that digital templating was safe and reliable[@B1][@B2][@B8][@B9][@B26]. But one recent study comparing acetate templating on an LCD monitor to digital templating reported the superiority of the acetate onlay templating in terms of accuracy, reproducibility and time efficiency[@B17].

It is generally thought that the accuracy of templating is influenced by the surgeon\'s experience. In a previous study on acetate templating, it was reported that the accuracy of templating increased gradually with the level of training[@B27]. But in our study, both junior and senior rater showed substantial results in the predictability and reliability of on-screen templating. This result is thought to be related to the simplicity and ease of on-screen templating.

In terms of reliability, the intraobserver reliability was better than the interobserver reliability for all parameters (cup size, stem size, LLD and offset). Previously, it was recommended that the same surgeon who carries out the preoperative templating should perform the operation, because all surgeons have their own templating technique and know what works best in their cases[@B19]. This conclusion is entirely consistent with our own.

Our study has several limitations that require consideration. First, the number of observers (two for interobserver measurements) was small, which diminished the persuasive power of our study. Second, we assumed that the implanted prosthesis was always the optimal size and position, which might not have been the case. Third, the angles and reference lines were determined manually on the digital radiograph. On some radiographs, it was difficult to determine the inferior point of the teardrop figure for the horizontal reference line, so an alternative to this would be to use the interobturator, which a previous study reported as revealing the least amount of variance[@B28]. Fourth, because of no control group is present we cannot rule out the possibility that some part of the results might be associated with other factors.

CONCLUSION
==========

Our study indicates that preoperative on-screen templating using digital radiographs is substantial in terms of its accuracy and reliability because it is a templating method that combines the advantages of acetate templating and digital radiographs. We hope that our results may encourage THA surgeons to use preoperative on-screen templating.
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![Preoperative on-screen templating is a method to use acetate template on digital radiographs.](hp-28-201-g001){#F1}

![The size of this image was 48% enlarged using the zoom function of the picture archiving and communications system (PACS), so the size of the radiopaque bar was measured its true size of 10 cm, using the magnified ruled line scale on the templates.](hp-28-201-g002){#F2}

![The final step of the on-screen templating process is determination of the femoral neck resection level and the offset reconstruction. The femoral head center of the femoral template is placed 5 mm higher than the marked center of the acetabular template to restore the leg length.](hp-28-201-g003){#F3}

###### Predictability of Prosthesis Size and Postoperative Measurements of Leg Length Discrepancy and Femoral Offset Difference
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###### Reliabilities of the Measured Implant Size, Leg Length Discrepancy and Femoral Offset Difference
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95% CI: 95% confidence interval, ICC: intraclass correlation coefficient.
